Introduction 2 4
Every level of biological organization from cells to societies require that composing units come together to form parts of a bigger unit (1). Where the composing units are themselves 2 6 individuals, as in the case of social insects, the success of the group requires these units to be 2 7 altruistic; explaining this behavior is conceptually challenging because one animal provides a Results 7 1 Infected ants receive food from siblings 7 2 We first set out to determine if infected ants received food from their siblings inside the nest 7 3 area. We infected ten ants per colony in four different colonies of Camponotus castaneus species 7 4 with a strain of Ophiocordyceps unilateralis fungus, which naturally infects this species in the 7 5 wild (13). Ten ants were removed from the stock colony and injected with 1µl O. unilateralis in 7 6 solution with Grace's insect media supplement with 10% fetal bovine serum (FBS) . A further 10 7 7 ants were sham treated, and inject with 1µl of Graces +FBS media. Both infected and sham 7 8 treated ants were maintained together with 15 additional untreated individuals in a wooden 7 9 chamber of volume 14.93± 0.53 cm 3 placed within a cage of 451.61cm 2 that served as a foraging 8 0 area and contained sand. These ants were given water and 10% glucose ad libitum. We began 8 1 continuous data recording from the third day post injection until day 18, moment at which there 8 2 was the least amount of infected individuals alive. Ant behavior was recorded inside the nest 8 3
with GoPro Heron 2 cameras for 24 hours/day. We then scored behavior from playback on 8 4
screens. We first focused on food exchange between individuals since out hypothesis was that 8 5 infected ants receive food at a different rate from non-infected ants. Worker ants cannot eat solid 8 6 food but instead exchange liquids in a process called trophallaxis. We followed 17 focal 8 7 individuals from one colony for a total observation 976.24 hours. Using a mixed effect linear 8 8 model, programmed in R, we used trophallaxis duration as a function of day post infection and 8 9 using ant identification as a random effect we found no significance p-value=0.5156. We found 9 0 no significant patterns in differences in either duration or count of trophallaxis ( Figure 1 ). Our 9 1 quantification of observations includes only within nest exchange of liquids. We did however 9 2 also observe that ants infected by O. unilateralis would receive trophallaxis from nest mates 9 3 when outside the nest. Individuals were even fed in the minutes and hours before they were 9 4 behaviorally manipulated to ascend vegetation before biting bite into the twigs we provided and 9 5 dying. We therefore found no evidence that infected ants were refused food from other colony 9 6 members.
7
Infected ants are not attacked by siblings 9 8 It might be expected that infected ants are attacked more often. Although an infected ant can 9 9 only infect other ants following its own death and the subsequent growth of the stalk from its 1 0 0 head, it is possible that the increase of fungal cells within the worker ants changes some aspect of 1 0 1 it phenotype, such as smell, causing other ants to attack it. Because aggression might be rare and 1 0 2 fleeting we observed the behavior of 2 colonies (30±5 ants/colony) 24 hours/day for 18 days 1 0 3 (still in progress). We saw no aggression between untreated control ants and either infected or Although we found no aggression there were subtle indications of infected ant segregation. To data, as well as for days 3, 6, and 9, together with 1000 K-cross functions (in black) simulated 1 1 6 from the null model by randomly permuting the labels (e.g., healthy, infected, or sham) of the 1 1 7 ants 1000 times, and calculating the K-cross function between healthy and infected ants under 1 1 8 each of these permutations. Significant deviation from the null model is indicated by an To examine this potential small-scale ant interaction behavior between healthy and infected ants,
we found the nearest neighbor to each ant at each time point. We then tested for deviation from 1 2 7 the null assumption that ants are equally likely to have any other ant as nearest neighbor by again neighbor. Table 1 shows the proportion of healthy ants with an infected nearest neighbor over 1 3 0 all observed days, and for day 3, day 6, and day 9, together with the empirical p-value under the 1 3 1 null, obtained using 1000 permutations of ant labels at each time point of observation. We see 1 3 2 significant differences on day 3 and when we pool all the data together. Our data suggests no aggression towards infected individuals. We also see no distinct differences 1 3 5 in the mean duration or counts of trophallaxis between infected and uninfected individuals (p- and trophallaxis is stochastic. Other studies have used trophallaxis as a tool to study social 1 3 8 immunity, making similar observations to the ones we have made here, yet their results are an 1 3 9 increase the amount of trophallaxis that occurs 24 hours after infection with a fungal pathogen 1 4 0 (16, 17) . An important factor these papers did not take into account is time, they only made of behavior within the nest. By using a one chamber scenario in a cage where ants were able to 1 4 3 freely move and interact with one another enables us to observe more naturalistic interactions 1 4 4 that has been lacking in the ant-pathogen research. revealed that by and large there is no evidence for spatial segregation of infected ants. The only 1 4 8 exception was the slight differences in spatial segregation between healthy individuals and those 1 4 9 infected at small spatial scales on day 3 of the infection, but not on days 6 and 9. These minute and are not likely to be indicators of social exclusion, which we would expect to increase in 1 5 2 strength with time from infection. We did not test for any relationship between spatial Within nest distance observations has been done before by using images to determine spatial 1 5 8 fidelity and time budgets of Leptothorax acervorum (18, 19) , their observations did not take into 1 5 9 account how pathogens may change social dynamics within a colony nor did they do continuous 1 6 0 behavioral observations. We were able to observe rare interactions and behaviors that have 1 6 1 previously not been described. Being able to follow individuals through time and space lends 1 6 2 itself to be a powerful tool for further understanding the ontogeny of behavior within infected 1 6 3 individuals. Although our trophallaxis and distance results were not significant we can still 1 6 4 progress our understanding between uninfected individuals and those being parasitized. In order to establish if these results are caused by the evolutionary history between Ophiocordyceps and host we should observe non-coevolved pathogen species. These behavioral 1 6 7 assays enable us to further explore the role of parasites in not only the behavioral of the single 1 6 8 host, but also in the colony host. The ability to combine behavioral observation and spatial 1 6 9 dynamics as a tool to make very fine detailed observations enables us to further tease out the 1 7 0 dynamics of the colony and those infected. Another powerful tool that we could add to this type 1 7 1 of behavioral assay is chemical cues, such as cuticular hydrocarbons. October 2012. Colonies were collected by following foragers to nest sites that were then dug up. supplemented with 10% FBS (PAA laboratories Inc.). The colony tissue was lysed using 1 9 0
TissueLyser II (Qiagen) at room temperature for 60 sec. at 30 freq/sec. This processed enabled 1 9 1 us to obtain single hyphae used at a mean concentration of 3.9x107+/-1.1x10 7 hyphae/ml for 1 9 2 infection. Infections were done by injecting 1 µL hyphal solution with a laser pulled 10 µL 1 9 3 micropipette (Drummond) and aspirator tube (Drummond) into the thorax underneath the front 1 9 4 legs. Sham treatments were done in similar fashion using 1 µL medium without hyphae (23). Treatments and individual identification-Subcolonies were made of fifteen healthy, ten 1 9 6 injected with Graces+FBS media used for Ophiocordyceps growth in the laboratory and another 1 9 7 ten were injected with Ophiocordyceps plus media. These individuals were collected by their colonies by agitating the housing tubes within each colony had and collect the individuals that 1 9 9 from the population. In order to follow individuals through time we used a dot system, each 2 0 0 individual had a different dot pattern painted on its body. We used an edding® 751 paint marker 2 0 1 to label the ants we used for the experiment. wooden cage with a volume of 14.93± 0.53 cm 3 . In order to make 24 hour observations we used 2 0 4 a Go Pro camera (Hero 2 with IR lens) and an IR lamp was used for nocturnal observations. The 2 0 5 camera was located on top of the colony chamber and removed to change size video card three 2 0 6 times a day.
0 7
Trophallaxis-There was only one observer who made the observations of trophallaxis to reduce 2 0 8 observer bias. Trophallaxis was classified as starting when labrum was exposed and distended 2 0 9 between the two individuals. The event was as over when the mouth parts separated and the 2 1 0 individual parted ways. We observed a total of 976.24 hours of video for Colony 2 in order to 2 1 1 determine the amount of trophallaxis focal individuals were receiving on days 3-9,12,15 and 18 
